


Atom Economy 

A     +     B → C   +     D    +      E 

% AE , = C

C+D+E
× 100

Desired product Other generated product/ waste

CH3CH2Br + NaOH → CH3CH2OH + NaBr



Rate of Reaction
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Ammonia reacts with oxygen by the given reaction-

4NH3(g) + 5O2(g)→ 4𝑁𝑂 𝑔 + 6H2O(g) at any instant, rate of reaction of ammonia is 

0.24 molL-1s-1

(a) Write the rate expression for the reaction

(b) Calculate rate of generation of water. [BUET’ 17-18]

Problem-1



1. Concentration

Factors affecting reaction rate

2. Pressure

3. Surface area of reactant

4. Temperature

5. Catalyst

6. Nature of reactant

7. Presence of light



Effect of Concentration; Order of Reaction:

R → P

𝑟 = 𝑓([𝑅])

F2 + 2 ClO2 → 2FClO2

[F2]/M [ClO2]/M Initial Rate, r/Ms
-1

0.1 0.01 1.2x10
-3

0.1 0.04 4.8x10
-3

0.2 0.01 2.4x10
-3

r =  k [F2][ClO2]

𝑟 ∝ [𝑅]𝑥

𝑟 = 𝑘 [𝑅]𝑥

aA + bB →cC + dD

r = k (M1-(x+y)s-1) [A]x [B]y



Problem-2

Nitric oxide reacts with hydrogen gas to produce nitrogen and water vapor at 12800C-

2 NO (g) + H2 (g) -> N2 (g) + H2O (g) 

Data obtained from conducted experiments on this reaction are tabulated as follows. From this data-

(a) Calculate rate law of the reaction

(b) Calculate the rate constant, k.

(c) Calculate rate of this reaction when [NO] = 12 x 10-3 M and [H2] = 6 x 10-3 M

[NO]/M [H2]/M Initial Rate/Ms-1

5.0 x 10-3 2.0 x 10-3 1.3 x 10-5

10.0 x 10-3 2.0 x 10-3 5.0 x 10-5

10.0 x 10-3 4.0 x 10-3 10.0 x 10-5



Problem-2 (Continued)…



Order of Reaction: 0𝑡ℎ Order Reaction

A→ products
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t = 0, [A] = [A]0

t = t, [A] = [A]t

[𝐴]𝑡 = [𝐴]0−𝑘0𝑡

[A]t/M

Time, t

When,

t = t1/2, [A]t = [A]0/2

For 0th order reaction,

[𝐴]0
2

= [𝐴]0−𝑘0𝑡1
2

𝑡1
2
=
[𝐴]0
2𝑘0



Order of Reaction: 1st Order Reaction

A→ products

−
𝑑[𝐴]

𝑑𝑡
=k1 [A]1
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Half life of reaction, t1/2

Time required fo a single reactant reaction to sompletely converts it’s 50% reactant into product(s).

A→ products

When,

t = t1/2, [A]t = [A]0/2

For 1st order reaction,

𝑙𝑛
𝐴 𝑡

𝐴 0
= −𝑘1𝑡

𝑙𝑛

𝐴 0
2
𝐴 0

= −𝑘1𝑡1
2

𝑡1
2
=
𝑙𝑛2

𝑘1



Problem-3

Rate constant for conversion of cyclopropane to propene is 6.7 x 10-4 s-1.

(a) What will be the concentration of cyclopropane after 8.8 minutes if it’s initial 

concentration was 0.25 M?

(b) What time will be required to reduce the concentration of cyclopropane from 0.25 M to 

0.15 M? BUET’ 17-18



Problem-4

A one reactant system takes 40 min to convert 1/5 of it’s reactant to product.

(a) Calculate t1/2 (min) of this conversion.

(b) What is the time required for 60% completion of the reaction?

(c) Calculate the time after which only 20% reactant will remain in the reaction vessel.



Problem-4 (Continued)…



Order of Reaction: 2nd Order Reaction

A→ products

−
𝑑[𝐴]

𝑑𝑡
=k2 [A]2
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Order Concentration profile Half life, t1/2 Straight line plot
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Reaction Order at a glance



Poll Question-1

Rate constant for an irreversible reaction was found to be 0.02 Ms-1. 

What is the order of the reaction?

(a) 1st order

(b) 0th order

(c) 2nd order

(d) 3rd order



Effect of Temperature: Arrhenius Equation

𝑘 = 𝐴𝑒−
𝐸𝑎
𝑅𝑇



Collision Theory

𝑘 = 𝑍 𝑝 𝑒−
𝐸𝑎
𝑅𝑇



Transition State Theory



Transition State Theory

CH4 + Cl2 → CH3Cl + HCl



Poll Question-2

The following reaction occurs in two steps. What is the molecularity of the reaction?

2𝐻2𝑂2(𝑎𝑞)→
𝐼−

2𝐻2𝑂(𝑙) + 𝑂2(𝑔)

(a) One

(b) Two

(c) Three

(d) Cannot be determined



Problem-5

Activation energy for the gas phase dissociation reaction of N2O5 is 103.5 Jmol-1. 

Calculate the ratio of rate constants at 00C and 250C.

𝑙𝑛
𝑘2
𝑘1

=
𝐸𝑎
𝑅
[
1

𝑇1
−

1

𝑇2
]

BUET’ 13-14



Poll Question-3

Different values of rate constant of a reaction was found at different temperatures. The 

slope of the log k vs. 1/T graph was found to be -75 K. What was the activation energy of 

reaction?

(a) 1.43 Jmol-1

(b) 1.43 kJmol-1

(c) 14.3 Jmol-1

(d) 14.3 kJmol-1



Catalyst

Ea

Catalyst is a substance that alters the rate of any chemical process but doesn’t chage it’s chemical 

composition* after the reaction.
1. Positive Catalyst

2. Negative Catalyst

3. Auto Catalyst

4. Induced Catalyst

2 𝐾𝐶𝑙𝑂3
𝑀𝑛𝑂2

2 𝐾𝐶𝑙 + 3 𝑂2

2 𝐻2𝑂2
𝐻3𝑃𝑂4

2 𝐻2𝑂 + 𝑂2

5𝐻2𝐶2𝑂4 + 2𝐾𝑀𝑛𝑂4+3 𝐻2𝑆𝑂4 → 2𝑀𝑛𝑆𝑂4 + 10 𝐶𝑂2 + 8𝐻2𝑂

2 𝑁𝑎2𝑆𝑂3 + 𝑂2 → 2 𝑁𝑎2𝑆𝑂4
𝑁𝑎3𝐴𝑠𝑂3 + 𝑂2 → 𝑛𝑜 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛

2 𝑁𝑎2𝑆𝑂3 + 𝑁𝑎3𝐴𝑠𝑂3 + 𝑂2 → 2 𝑁𝑎2𝑆𝑂4 +𝑁𝑎3𝐴𝑠𝑂4



Thermochemistry

Thermodynamics:
study of dynamics of "system" due to "heat". In other 

words, study of "interconversion" of "heat" with other 

forms of "energy"

Thermochemistry:
Application of “thermodynamics” to “chemical 

systems”

Universe

System Surrounding

Description of a System: 
• Pressure, P

• Temperature, T

• Amount, n

• Volume, V

Thermodynamic Functions

State function

U, H, S, G, A etc.
Path function

q, w



Laws of Thermodynamics

1. 0th Law

2. 1st Law

3. 2nd Law

4. 3rd Law

Change in Internal energy of a closed system is zero.

Total entropy always increases in an irreversible process. 

Entropy change becomes zero at equilibrium, never decreases. 

ΔUclosed = 0

ΔSuniv≥ 0



1st Law of Thermodynamics

Entalpy, H = U + pV

Change in enthalpy, Δ H = qP

Thermochemical Equation

𝐶𝐻4 𝑔 + 2𝑂2 𝑔 → 𝐶𝑂2 𝑔 + 2𝐻2𝑂(𝑙) Δ H0 = -890.4 kJmol-1

Change in standard enthalpy
Reactant and product at standard state

Parameter Standard State

Pressure 1 bar

Temperature 298 K

Matter Pure solid/liquid

890.4 𝑘𝐽

1 𝑚𝑜𝑙
890.4 𝑘𝐽

2 𝑚𝑜𝑙

890.4 𝑘𝐽

1 𝑚𝑜𝑙
890.4 𝑘𝐽

2 𝑚𝑜𝑙

(Standard State)

Change in internal energy, Δ U = qV



Poll Question-4

What will be the energy released when 8.0 g of methane is completely burnt in excess 

oxygen at standard state?

𝐶𝐻4 𝑔 + 2𝑂2 𝑔 → 𝐶𝑂2 𝑔 + 2𝐻2𝑂(𝑙)

(a) 445.2 kJ

(b) 445.2 J

(c) -445.2 kJ

(d) -445.2 J

Δ H0 = -890.4 kJmol-1



𝑎𝐴 + 𝑏𝐵 → 𝑐𝐶 + 𝑑𝐷

Standard Formation Enthalpy, Δ H0
f

Δ H0
reaction = [c Δ H0

f (C) + d Δ H0
f (D)] – [a Δ H0

f (A) + b Δ H0
f (B)]

Change in enthalpy when 1 mol of any compound is formed from its elements in standard state.

𝐻2(𝑔) +
1

2
𝑂2(𝑔) → 𝐻2𝑂(𝑙) Δ H0

reaction = Δ H0
f (H2O) – [1 x Δ H0

f (H2) + 1/2 Δ H0
f (O2)]

Δ H0
reaction = Δ H0

f (H2O) 

If, Δ H0
f (H2) = 0

Δ H0
f (O2) = 0

Defn:

Standard formation 

enthalpy of elements is 

zero



Problem-6

1.0 mol methane produces 804.8 kJ of heat at 101.325 kPa constant pressure and 250C

temperature when ignited with enough oxygen. Calculate heat evolved at constant

volume at this temperature and pressure.



Problem-6 (Continued)…



Problem-07

Carbon, hydrogen and sucrose (C6H12O6) have standard heat of combustion values -406 

kJmol-1, -284 kJmol-1 and -5638.82 kJmol-1 respectively. Calculate standard formation 

enthalpy of sucrose.



Properties of Thermochemical Equation

𝑎𝐴 → 𝑏𝐵;ΔH = 𝐻1

𝑏𝐵 → 𝑎𝐴;ΔH = 𝐻2

𝐻2 = −𝐻1

1.

𝑎𝐴 → 𝑏𝐵;ΔH = 𝐻1

naA → 𝑛𝑏𝐵;ΔH = 𝐻2

𝐻2 = 𝑛𝐻1

2.

𝐴 → 𝐵;ΔH = 𝐻1

𝐵 → 𝐶;ΔH = 𝐻2

𝐴 → 𝐶; Δ𝐻 = 𝐻1 + 𝐻2

3.

Lavoisier- Laplace law

Hess’s law



Poll Question-5

Enthalpy of the following two reactions are H1 and H2 respectively.

𝐴2 → 2𝐵 H1

𝐶2 → 𝐵 H2

Find the reaction enthalpy of the following reaction.
1

2
𝐴2 → 𝐶2

(a) 𝐻1 −
𝐻2

2

(b) 𝐻2 −
𝐻1

2

(c) 
𝐻1

2
− 𝐻2

(d) H1-H2



Problem-08

Calculate Lattice enthalpy of CaCl2 from the given data-

(a) Heat of sublimation of Ca is Hsub

(b) 1st ionization energy of Ca is I1

(c) 2nd ionization energy of Ca is I2

(d) Heat of atomization of chlorine is Hatom

(e) Electron affinity of chlorine is EA

(f) Heat of formation of CaCl2 of is Hf



Problem-08 (Continued)…



Problem-09

Calculate heat of the following reaction using the bond dissociation energy data given-

CH4 + Cl2 -> CH3Cl + HCl

Bond energy of C-H = 430.532 kJmol-1

Bond energy of Cl-Cl = 242.90 kJmol-1

Bond energy of C-Cl = 328 kJmol-1

Bond energy of H-Cl = 433 kJmol-1



2nd Law of Thermodynamics

∆𝐺 = ∆𝐻 − 𝑇∆𝑆

∆𝑮 = ∆𝑮𝟎 + 𝑹𝑻𝒍𝒏𝑸
At equilibrium, ∆𝐺=0, Q = K

∆𝑮𝟎 = −𝑹𝑻𝒍𝒏𝑲

∆𝐻 ∆𝑆 ∆𝐺 example

+ + - at high T H2O (s) -> H2O (l)

- - - at low T H2O (g) -> H2O (l)

+ - Always + 2O3 (g) -> 3O2 (g)

- + Always - NaOH(s) -> Na+(aq) + OH- (aq)

∆𝐺 is negative; spontaneous

∆𝐺 is positive; non-spontaneous

∆𝐺 = 0; equilibrium



Problem-10

Calculate the equilibrium constant for the decomposition reaction of water at 250C.

2𝐻2𝑂 𝑙 → 2𝐻2 𝑔 + 𝑂2 𝑔
Standard free energy of element is zero and ∆𝐺𝑓

0 𝐻2𝑂 = 237.2 𝑘𝐽/𝑚𝑜𝑙
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